We report the discovery of the rotational spectrum of CH 
INTRODUCTION
The spectrometers on board the Infrared Space Observatory (ISO) provide a unique opportunity to study important molecular species through transitions that are inaccessible from the ground or from airborne platforms. This has been illustrated by the recent ISO results on the thermal lines of water vapor. Water vapor has been measured in high abundance [x(H 2 O) 3 10 Ϫ5 ] in star-forming regions and evolved stars using both the Short Wavelength Spectrometer (SWS) and the Long Wavelength Spectrometer (LWS) (e.g., van Dishoeck & Helmich 1996; Barlow et al. 1996; Cernicharo et al. 1997; Cox et al. 1997) . The detection of water vapor (together with OH) was also reported by Liu et al. (1996, hereafter L96) in the LWS spectrum of the planetary nebula NGC 7027. This was an unexpected result because NGC 7027 is a carbon-rich source.
In this Letter, we rediscuss the previous identification of the water vapor emission lines in the LWS spectrum of NGC 7027. The 179.53 m line together with two lines at 119.89 m (near the OH 119.3 m doublet) and 90.07 m, both unidentified in L96, are now shown to arise from the pure rotational spectrum of CH ϩ . We also present new ISO LWS data that show two further rotational lines of CH ϩ and confirm the previous detection of OH and probably also of H 2 O.
IDENTIFICATION OF CH ϩ
The identification of water vapor in NGC 7027 by L96 relies mainly on the observation of a strong line at 179.56 m coinciding with the 179.53 m H 2 O rotational 2 12 -1 01 transition. Two other features quoted as possible water lines in L96 were flagged as "identification questionable." In addition to the H 2 O line, L96 also reported the detection of OH through the 119.3 m fundamental transition. This line is blended with an equally strong feature at 119.89 m, which remained unidentified. Two other OH lines (at 79.2 and 84.5 m) were tentatively reported.
L96 also reported a strong unidentified line at 90.07 m. We note that the wavelengths of the lines at 179.56, 119.89, and 90.07 m are nearly in the harmonic relation 2Ϻ3:4. Assuming that the 179.56 m line does not arise from water vapor but instead that the three lines arise from another molecular carrier, these lines could correspond to the rotational transitions J ϭ 2-1, 3-2, and 4 -3 of a linear molecule. Carrington & Ramsay 1982) .
Prompted by the observation of three lines in harmonic relation that are consistent with CH ϩ , we have processed all the ISO LWS01 grating spectra of NGC 7027 so far obtained up to ISO revolution 377, in an effort to detect the J ϭ 5-4 and 6 -5 transitions of CH ϩ , which are predicted at wavelengths of 72.15 and 60.26 m and were not detected by L96. In total, there are nine separate observations, each covering a wavelength range from 43 to 195 m, obtained during revolutions 27, 39, 342, 349, 356, 363, and 377 . All the data were calibrated using Version 6 of the Off-Line Processing package (OLP). The observation from revolution 27 consists of three scans, with two 0.5 s integration ramps at each grating position, sampled at 1͞4.5 of a spectral resolution element, the latter being 0.3 m for the SW1-SW5 detectors ( Ͻ 93 m) and 0.6 m for the LW1-LW5 detectors ( Ͼ 84 m). Each of the five observations obtained between revolutions 342 and 377 consists of six scans with one 0.5 s ramp at each grating position, sampled at 1͞9 of a resolution element. Three observations were obtained in revolution 39. Each consists of five scans with two 0.5 s ramps at each grating position, sampled at 1͞15 of a resolution element. The total on-target integration time was 23,930 s. The LWS has a circular aperture of diameter 85Љ, significantly larger than the ionized or neutral regions of NGC 7027. The analysis presented in L96 was based on the three observations carried out in revolution 39, processed with Version 5 of the OLP. Although the current data have a total on-target time that is only 65% larger than that analyzed by L96, the final co-added spectrum has a much better S͞N, by more than a factor of 2 in some wavelength regions, thanks to the much-improved instrumental filter profiles derived from additional observations of Uranus and the implementation of an algorithm that corrects for detector sensitivity drifts. The fluxes derived from the individual independent observations are in good agreement, and we estimate an accuracy of better than 20% for the absolute flux calibration. Figure 1 shows the five CH ϩ lines detected in our new spectra, including the two lines at 72.15 and 60.26 m, which are clearly detected in the present data. These five lines definitely establish the presence of CH ϩ in NGC 7027. This is the first time that CH ϩ is seen through its pure rotational spectrum. CH ϩ , a common molecule in the diffuse interstellar medium, has been detected in the optical spectrum of only two evolved carbon-rich stars: in emission in the Red Rectangle, and in absorption in HD 213985 (Balm & Jura 1992; Hall et al. 1992; Waelkens et al. 1992; Bakker et al. 1997) . Given the carbon-rich nature of NGC 7027 and the strong radiation field in its inner regions, it is thus not too surprising to find CH ϩ in this prototypical planetary nebula. In fact, soon after the detection of H 2 in NGC 7027 (Treffers et al. 1978) , Black (1978) predicted that CH ϩ , OH, and HeH ϩ might have detectable abundances in this nebula.
In addition, five OH lines are present (Fig. 2) , confirming the previous detection of OH by L96. The CH ϩ and OH line fluxes are given in Table 1 . Apart from the 179.6 m line, two marginal features at 174.6 and 180.5 m were tentatively assigned in L96 as possible water vapor lines. The 180.5 m line is now shown to arise from CH (see Liu et al. 1997 ], coincident in wavelength with the 2 21 -1 10 (108.08 m) and the 3 21 -2 12 (75.38 m) lines of ortho-H 2 O. Taking into account the density of lines and the lack of emission in the lines of para-water, the definitive assignment of these lines to water vapor will require high spectral resolution observations. No 13 CH ϩ lines were detected in current spectrum. Finally, Figure  1 shows that the CH rotational line at 180.6 m is much weaker than the nearby CH ϩ J ϭ 2-1 line. A comparison of the observed intensities yields a CH ϩ ͞CH abundance ratio of 35-10 (see also Liu et al. 1997 ).
DISCUSSION
The line fluxes of , we obtain T rot 3 150 H 20 K (see Fig. 3 ) and a CH ϩ total column density of 2.5 ϫ 10 47 . It is worth noting that similar CH ϩ rotational temperatures were derived from optical observations in the Red Rectangle and in HD 213985 by Bakker et al. (1997) , i.e., 202 and 155 K, respectively. A similar rotational analysis for the CO line fluxes given by L96 yields a rotational temperature for CO of 240 K and a total number of CO molecules 310 51 . Assuming that the molecular emission of both species arises from the same region, we obtain a CH ϩ ͞CO abundance ratio of 2 ϫ 10 Ϫ4 . Assuming that the size of the photodissociation region (PDR) in NGC 7027 is about 6Љ, we derive a column density for CH ϩ of 8 ϫ 10 13 cm
Ϫ2
. In order to estimate the physical conditions needed to . Even larger densities could be necessary to pump the high J levels (the J ϭ 6 -5 rotational transition has an Einstein coefficient for spontaneous emission of 1.9 s Ϫ1 ) by collisions. For a distance of 700 pc (Hajian, Terzian, & Bignell 1993) and adopting a line width of 30 km s Ϫ1 , the observed CH ϩ fluxes can be roughly explained with the following parameters: n(H 2 ) ϭ 2-5 ϫ 10 7 cm Ϫ3 , T K ϭ 300 -500 K, and a CH ϩ column density of 2.5 ϫ 10 14 cm Ϫ2 , which implies a CH ϩ ͞CO abundance ratio of 36 ϫ 10
Ϫ4
. The dashed line in Figure 3 shows the computed CH ϩ line intensity fluxes for n(H 2 ) ϭ 5 ϫ 10 7 cm Ϫ3 and T K ϭ 300 K. An improved fit to the data could be obtained with a model where the low J transitions are excited in a region of moderate kinetic temperature and the high J levels are excited in a region with temperatures around 1000 K. But in any case, the density must be very high in order to explain the population of the J ϭ 4, 5, and 6 rotational levels of CH 
